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PREPARATION OF LOW MOLECULAR WEIGHT CELLULOSE ESTERS 

Field of Invention 

This invention relates to the preparation of 
5 cellulose esters. In one aspect, it relates to the 

preparation of cellulose triesters. In another aspect, 
it relates to the preparation of cellulose esters with a 
degree of substitution (DS) less than three. In yet 
another aspect, it relates to the preparaticn of low 
10 molecular weight cellulose esters. • 

Raekaround of the Invention 

Cellulose esters are of great commercial 
importance. Cellulose acetates, for example, are used 
in cigarette filters and as photographic film base. 
Other cellulose esters, e.g., cellulose propionates, 
cellulose butyrates, cellulose acetate propionates, or 
cellulose acetate butyrates, have found widespread use 
in cosmetics, plastics, and pharmaceuticals. 
Furthermore, cellulose esters, in particular, cellulose 
mixed esters having low molecular weight and high ; 
hydroxyl content, have high commercial utility as 
coatings resins (P.M. Cook, U.S. Patent 4,839,230 
(1989))- These low molecular weight and high hydroxyl 
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containing cellulose esters provide ^r ; high solids to^ 
liq uid ratios in coating formulations, provide reactive 
sites for crosslinking reactions, and suitable 
functionality, for derivatization of the cellulose 
polymer. Therefore, . an improved process for the 
production of cellulose esters suitable. for coating 
applications would be of considerable commercial 

importance . 

It is well known in the art that cellulose 
triesters, for example cellulose triacetate (DS -3; the 
degree of substitution is defined as th. number of acyl 
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groups per anhydroglucose ring), can be prepared by 
treating preactivated cellulose with a mixture of 
sulfuric acid,* acetic acid, and acetic anhydride (H.L.B. 
Gray and C.J. Stand, U.S. Patent 1,683,347 (1928) > t 
Cellulose triacetate is not suitable for all uses and, 
consequently, is often hydrolyzed to a cellulose acetate 
with a degree of substitution of 0.6-2.8 (C.J. Malm, 
O.S. Patent 1,984,147 (1934); C.R. Fordyce, U.S. Patent 
2,129,052 (1938)). Such a process requires dilute 
reaction mixtures, long reaction times, and requires 
isolation of the high boiling by-product acetic acid 
from the dilute reaction mixture. 

Xn O.S. Patent 1,880.80* (1832). B.T. 
C J. Malm disclose the use of ehloro, bromo, or .Ikory 
, containing aoetyl anhydrides as en inp.il n, r..,.nt 
( i... . an anhydride which promotes esterlf matron 
without contribute any groups to the ester produced, 
ln the esterif ication of cellulose " **' * 

a typical procedure, cellulose was treated wrth an 
0 excess (1.9-9.1 equivalents per hydroxyl) of the . 
Impelling reagent, the appropriat. fatty acid, and a 
Ttl lyst Mir the required reaction time ^the product 
w .s isolated by precipitation into , nonsolvent^ Such 
process typically requires a large excess o the 

KU , C qq nAQ nqoQu as well as by C-J- 

1,698,048 (1929); 1,698,049 

W. and CD. Biatt (U.S. Patent 2,172,25 (1939,, 
suf fer fro,, the same shortcomings described above. 
E .j. Bourne, M. Stacey, J.C. Tatlow, and J.M 
35 Tedder (^Che-*- 2976-2979, have drsclosed 
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the use of trif luoroacetic anhydride (TFAA) as an 
impelling reagent in the acetylation of cellulose and 
amy lose with acetic acid. By their process, a large 
excess of TFAA (8.4 equivalents/hydroxyl) was required 
5 in order to obtain satisfactory yields of the triester. 
A process for preparing cellulose acetates with a degree 
of substitution of 0.6-2.8 was not described. Work 
disclosed by K.S. Barclay, E.J. Bourne, M. Stacey, and 
M. Webb 1 3. Chem. Soc. 1954, 1501-1505), T. Morooka, 
10 M. Norimoto, T. Yamada, N. Shiraishi (J. Appl. Polym. 

Sci . 1984, 29, 3981-3990), and T. Yamagishi, T. Fukuda, 
T. Miyamoto, J. Watanabe 1 Pr>1 Y 1 " - Bulletin 1988, 20, 
373-377) suffer from the same shortcomings described 

above. j 
15 in U.S. Patent Application Serial No. 495,186 fried 

March 19, 1990, CM. Buchanan teaches the use of 
trif luoroacetic anhydride and acyl anhydride as an 
effective means for preparing cellulose triesters as 
well as less than fully substituted cellulose esters. 
20 By this process, smaller amounts of the impelling 
reagent are required (typically 0.5-1.0 
equivalents/hydroxyl) to obtain high molecular weight 
cellulose ester derivatives with a degree of 
substitution ranging from 0.5 to. 3.0. 

in U.S. Patent 3,617,201 (1971), R.J. Beral et al. 
describe a process in which cellulose f,iber is treated 
with TFAA and a carboxylic acid in an inert solvent 
(benzene) to produce a cellulose ester with a low degree 
of substitution (0.1-0.3) suitable for use in cellulose 
30 textiles. In this process, the cellulose fibers are not 
disrupted since the reaction medium remains 
heterogeneous throughout. ' U.S. Patent 3,097,051 (R.H. 
Wade, 1963) and S.U. Patent 1,047,908 (O.S. Bludova, 
N.I. Klenkova, A. P. Sokorenko, 1983) teach similar 
35 processes. 
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There is , theref ore , a .need. f or a. . process _ which 
provides both cellulose triesters and high hydroxyl 
cellulose esters having low molecular weight. The 
process must provide for fast ester if icat ion and - 
hydrolysis rates. The process should not require an 
impelling reagent or excessive amounts of mineral acids. 
It is desirable that degradation of the cellulose 
polymer occur in the initial stages of the reaction 
thereby permitting concentrated react. on mixtures. The 
process must allow for practical reaction temperatures 
as well as. for easy and practical product and carboxylxc 
acid recovery. 

cmmnTV of t>"> invention 

According l y , ve have discovered a process for the 

preparation of low molecular weight cellulose esters 

es^rs having a OS of about 3) are rapidly prepared by 

20 contacting: 

ra) a cellulose polymer having a degree of 

substitution less than that of the & 
cellulose ester (i.e., less than about 3, and also 
having a mclecular weight greater than that of the 
25 product cellulose ester, 

/b} trifluoroacetic acid, 

Z\ a t least one acyl anhydride of the formula: 

8 ?< 

wherein each of R and R 1 is, independently, H, a 
straight chain alkyl, branched chain alkyl, aryl, 
or substituted aryl, and 
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ester is formed (such process will alternatively be 
referred to herein as the "triesterif ication process") . 

To prepare cellulose esters with a DS of less than 
about 3, the cellulose triester formed by the above- 
described process is subjected to a second step 
(hereinafter alternatively referred to herein as the 
"hydrolysis step") in which the cellulose triester 
(i e., cellulose ester with a DS of about 3) is 
contacted with a sufficient amount of a react. V e 
hydrolysis solvent under conditions to form the desired 
cellulose ester with a DS higher, than the cellulose 
polymer used as a starting material for the 
triesterif ication process. 

Detailed inscription of the Invention _ 

In acC ordance with the present invention, typical 

cellulose esters produced by the process of the 



20 



invention are to C 2 q 



esters of cellulose, have the 



desired DS, have a lower molecular weight than the 
cellulose polymer starting material, and comprise 
repeating units of the structure: 



25 




30 



t 4 are selected separately from the 



wherein R 2 , R 3 < and R' , 
group consisting of : hydrogen, straight chain 

• "t 1VDBft «i arovl, and heteroaroyl . 
alkanoyl, branched alkanoy 1 , aroyi , an 

alKanoyx, heteroaroyl moieties typically 

the process of the invention include cellulose 
triacetate, cellulose tripropionate, cellulose 
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tributyrate, cellulose acetate, -cellulose -propionate^ ----- 
cellulose butyrate, cellulose acetate propionate, and 

cellulose acetate butyrate . 

. T he cellulose polymer used as a starting material 
for preparing the cellulose triester can be cellulose, a 
secondary cellulose ester, or a mixture thereof. 
Examples of secondary cellulose esters include 
cellulose acetate, cellulose propionate, and cellulose 
butyrate, and are described in U.S. Patent . 1 984,147. 

The cellulose esters useful in the present 
invention as starting materials have at least 2 
anhydroglucose rings and typically have between 2 and 
5,000 anhydroglucose rings; also, such polymers 
Really have an inherent viscosity (I.V.) of about >0 



LAV nave ou 

15 to 3.0 deciliters/gram as measured at a tempe«t«e of 
35-C for 0.» gra* ,a»pl. in "0 »1 of a 
weight solution of phenol/tetrachloroethane . A. these 
X V values indicate, such pollers have a uolecular 



20 



t V values lnoica ».*. , ----- *- . - 

weight greater than the product cellulose ester, typxeal 
ZLr average -oleculer weight values range fro, 1.0 to 



10.0 X 10 5 



25 



30 



35 



The product cellulose esters produced by the 
process of this invention typically have an inherent 
viscosity (I.V.) of about 0.2 to about .0 6 
deciliters/gram as measured at a temperature of 25 C 
for 0^25 grL sample in. 100 ml of a 60/40 , by wexght 
solution of ph,nol/tetrachloroethane and a number 
average molecular weight of less than about 1.0 110. 

The DS of the cellulose polymer starting material 
for the triesterif ication process is preferably 0 to 

^aMs Known in the art, the theoretical maximum DS 
for a cellulose ester is 3. However, due to normal 
error of standard analytical technics, the maximum S 
will vary experimentally, for example an error of plus 
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or minus 3 percent is common . When- the term "about" -is - 
used herein to describe a given DS, it is contemplated 
that this analytical error will be taken into account as 
well as minor actual deviations in the DS of the 
particular cellulose ester. Therefore, it is 
contemplated that the term "about 3" when referring to a 
given DS means a measured range of 2.9 to 3.1 , 
preferably 2.95 to 3.05. 

Typical anhydrides suitable for the practice of the 
present invention are of the structure: 

wherein each of R and * is, independently, selected 
from the group consisting of hydrogen, a straight chain 
alkyl, a branched chain allcyl, aryl or substituted aryl . 
in the acyl anhydride molecule, typical straight chain 
alkyl groups contain 1 to 20 carbon atoms, typical 
branched chain alkyl groups have 3 to 20 carbon atoms, 
and typical aryl groups have 6 to 12 carbon ^atoms. 

„ i „™» os are typically substituted with 
20 Substituted aryl groups are typica * 

1 2 or 3 substituents such as lower alkyl (i.e., alkyl 
groups having 1 to 3 carbon atoms), halo (i.e., F, Br, 
cl or I), and lower alkoxy (i.e., alkoxy groups having 1 
to 3 carbon atoms), it is preferred that the acyl 
25 anhydride is symmetrical, i.e., that R -and R* are the 

Sftae ' Exemplary acyl anhydrides useful in the present 
invention are, but are not limited to, acetic anhydride, 
propionic anhydride, isobutyric anhydride, butyric 
30 anhydride, trimethylacetic anhydride, valeric anhydride, 
hexanoic anhydride, nonanoic anhydride benzoic 
anhydride, or a mixture thereof. The most preferred 
acyl anhydrides include acetic anhydride, propionic 
anhydride, butyric anhydride, or a mixture thereof. 
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The mineral aCid~usef u r ; W ^c»ipoBOTt-X*r^irt^--T^ — "~ 

present invention can be any strpng mineral acid whith, 
when combined with trifluorbficetic acid J?**) . i**™^*.^- 
rapid ester if ication", hydrolysis, and molecular weight 
loss. Examples of such mineral acids include, sulfuric 
acid, hydrochloric acid, Mg(C10 4 > 2 and HC10 4 v Of 
course, mixtures of two or more mineral acids are v 
contemplated for use in the present invention. 

in the process of preparing the cellulose triester 
the amount of component (b> (i.e., the TFA) is 
preferably about 0.25 to 1.0 equivalents per hydroxyl, 
more preferably about 1,0 equivalents; the amount of _ 
component (c) is preferably at least ^ 
hydroxyl, more preferably about 1,7 equivalent «» 

♦ ,A\ l« oreferably about 0.0001 to 
, amount of component <d) is preteraoiy 

0 01 .univalents per hydroxyl., more preferably about 

°- 008 Conl";itable for the formation of .eliulo^ 
esters oan vary widely. The temperature typically 
„ varies from ambient to the temperature at which the 

Trture begins to reflux, typically; about ,0 C to about 
!50-C. More preferably, the temperature is 70 C 

Those skilled in the art readily recognize that 
contact time and acyl anhydride reactivity are _ 
,5 interdependent. For example, acylation with a mixture 
of propionic anhydride and acetic anhydride retires a 
contact time as little a, , minutes . «hen 
same weed pulp with a mixture of butyric acid and acetic 
anhydride, a contact time of 30 minutes may be 

30 ^"ose skilled in the art understand that the flat 
period (i.e., the period of time after formation of the 
cellulose triester end beginning of hydrolysis during 
which polymer degradation is occurring) «■ . vary 
35 widely. Accordingly, a broad flat period for the 
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process of the invention is about -1 -minute -to- -about -120- — 
minutes. A more preferred flat period is about 5 
minutes to about 30 minutes. 

Thus, the total reaction period of time (i.e./ 
including the period for acylation, flat period, and 
hydrolysis period) can vary from about 0.5 to about 25 
hours. A preferred total reaction period is about 4 to 

about 8 hours. ■■ 

The mixture of the TFA and the mine. al acxd in the 
triesterif ication process essentially acts as a 
catalyst. In addition, the mineral acid functions to 
degrade the cellulose polymer. By utilizing a mxneral 
acid in the triesterif ication process, molecular weight 
lo ss occurs during formation of the cellulose triester 
which permits more concentrated reactx6n mixtures and 
thereby easier isolation of the product cellulose ester. 

For the triesterif ication process said solvent is 
typically a carboxylic acid having 1 to 20 carbon atoms, 
dimethylformamide, dimethylsuif oxide , or a mixture 
thereof; however, excess acyl anhydride can be used as 
solvent. The carboxylic acid can optionally be 
substituted with halogen atoms such as F, Br, and CI. an 
example of such a substituted carboxylic acxd xs 
trifluoroacetic acid. Preferred is a carboxylxc acxd, 
especially the particular carboxylic acid corresponding 
to the acyl anhydride(s) employed, or, .In the case of 
Led esters, corresponding to the least reactxve acyl 

"fl" carboxylic acid is used as a reaction solvent, 
y the acid can contribute to the reaction (i.e., act as a 
5 re ac"" I* the particular carboxylic : acid used has a 
corresponding anhydride that is more reactxve than the 
acyl anhydride employed as reactant (c; . 

The reactive hydrolysis solvent for the hydrolysxs 
l5 step is typically a polar solvent such as an n-alkanol 
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having 1 to 4 carbon atoms, water,, a branched ..chain „ 
alkanol having 3 to 4 carbon atoms, an aryl alkariol 
having 7 to 12 carbon atoms /and a mixture thereof. 

Preferred reactive hydrolysis solvents include 
methanol, ethanol, n-propanol, n-butanol, isopropyl 
alcohol, benzyl alcohol, water, or a mixture thereof. 
Most preferred are methanol and water, or a mixture 
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L the hydrolysis step, the prefer ed .-opt ^ 
active hydrolysis solvent i. fro- *bout ^- « - 

— in T t is"ore P re1er«a that 

5 " r/errlrr-Uo; coitions ror the 
step . temperature r.n,e fro. 

— -r^rss rrre b xv:^r. b o.t 

conditions are a temperature of 70 C and^ a 

° f T ^^11= hy t h e t r r , 

be isolated and/or purified by 
cation process can be isoiat _ 

l need *. ^ 

isolation steps. Atter hydrolysxs, «-.««*~ 
cellulose ester can be isolated and 

nonsolvent precipitation, distilia 
drying . 
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The preferred cellulose esters produced after the 
hydrolysis step are substantially the same as produced 
by the triesterif ication process except that the DS is 
lower. Thus, preferred products produced by the 
hydrolysis step include cellulose acetate, cellulose 
propionate, cellulose butyrate, cellulose acetate 

propionate, and cellulose acetate butyrate. 

Typical desired products produced after the 
hydrolysis step of the invention have a DS of a -out 0.5 
to about 2.85, more typically about 1.9 to about 2.3 
(for mixed esters, the DS refers to the combined DS) . 

The cellulose esters produced by the triesterif ica- 
tion process (optionally followed by the hydrolysis 
step) have low molecular weight. Typical molecular 
weight ranges of cellulose esters produced by the 
process of the present invention have a number average 
molecular weight (M,) of about 0.01 X 10* to about 
1 0 X 10 5 , a weight average molecular weight (M„) o£ 
about 0.02 X 10 5 to about 2.0 X 10 5 , and a Z average 
molecular weight (M z ) of about 0.04 X 10 5 to about 
4 0 X 10 5 Preferred molecular weight ranges are an 1^ 
of about 0.2 X 10 5 to about 0.6 X 10 5 , a M„ of about 
0 6 X 1Q 5 to about 1.0 X 1Q 5 , and a M 2 of about. 
0 3 X 10 5 to about 3.0 X 10 5 . The ratio of VM n is 
25 preferably about 1.0 to about 2.0, with about 1.4 to 
about 1.9 being more preferred. 

As is well known in the art, I.V. values are 
related to molecular weight. The I.V. of the product 
cellulose ester produced by the triesterif ication 
process (optionally followed by the hydrolysis step) x. 
typically about 0.2 to about 0.6, preferably about 0.- 
to about 0.4 deciliters/gram as measured at a 
temperature of 25«C for 0.25 gram sample in 100 ml of a 
60/40 by weight solution of phenol/tetrachloroethane . 
35 Some products produced after the hydrolysis step, 
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especially high hydroxyl (i.e., low DS), mixed esters, 
-will be soluble in „-propylacetate (n-PrOAc), acetone, 
CHC1 3 , ethanol, tetrahydrof uran (THF), and 
dimethylsulfoxide (DMSO) . 

The following examples are to illustrate the _ 
invention but should not be interpreted as a limitation 
thereon . 

EXAMPLES 

in the following examples, water activated 
cellulose was prepared ^^^^ by 

corresponds to an acyl g P ^ ^ ^ loaded 

cellulose polymer. The activa . To the 

• * flask equipped for mechanical stirring, 
into a flask eq PP ac yl anhydride.(s) and a 

cellulose was added a mixture ot y 
catalyst consisting, of TFA and a mineral acid s 
ca ys Thp re actor was then heated to 70 C. 

, sull uric ac^ J* /Stirred until a clear solution 
The reaction mixture wa contact tine for 

was obtained which is the indicated .on 

was 001. after formation of the 

formation of the tnester. After _ 

°™ „ the reaction mixture was maintained at 70 c 
tnester, the r de , Ia a.tion of the 

5 £ °U.rT. a «at period, before addin, a hydrolysis 

" =rr=ST^ re -en : i ^ before t^ 
»^r«-ii-ion of a nonsolvent. Also, 

addition of the filtrate following 

acids can be recove techniqu es familiar to 
precipitation by distillation m 
,5 those skilled in the art. Alternatively, the 
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carboxylic acid(s), and the unconsumed acyl - 

anhydride(s) can be isolated by spray drying techniques 
familiar to those skilled in the art. The results in 
the examples indicate yields of isolated, well- 
5 characterized products. The products were typically 
characterized by proton NMR spectroscopy, inherent 
viscosity, gel permeation chromatography (values are 
reported in polystyrene equivalents ) , and other methods 
familiar to those skilled in the art. The bbreviations 
10 used herein have the, following meanings: TFA is 
trifliioroacetic acid, TFAA is trif luoroacetic 
anhydride, NMR is nuclear magnetic resonance, Pr DS is 
propionyl degree of substitution, Ac DS is acetyl degree 
of substitution,. TCE is tetrachloroe thane , GPC is gel 
15 permeation chromatography, DMF is dimethylf ormamide , THF 
is tetrahydrofuran, DMSO is dimethylsulf oxide, n-PrOAc 
is propyl acetate, and CAB is cellulose acetate 
butyrate. 

20 EXAMPLE 1 

Reagents set forth below were subjected to the 
standard procedure described above under the indicated 
reaction conditions. The result, in terms of identity 
and yield of the desired cellulose ester, and key 

25 analyses of the product, are also set fort* below. 
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Starting Cellulosic 
Weight (g) 

Equivalents of 
TFA/hydrdxyl 

Equivalents of 
H 2 S0 4 /hydroxyl 

Acyl Anhydride 
Equivalents/hydroxyl 

Acyl Anhydride 
Equivalents/hydroxyl 

Carboxylic Acid 
Weight (g) 

Hydrolysis Mixture 
Contact Time (min) 
Flat Period (min) 



Cellulose 
50 

1.0 



0.008 

Acetic Anhydride 
0.03 

Propionic Anhydride 
1.7 

Propionic Acid 
107 * 

76.5 g water. 

10 

30 



25 


Hydrolysis 
Time (h) 


Pr DS 
( X H NMR) 


Ac DS 
^H NMR) 


I.V. 
( Phenol /TCE1 




0 


3.00 


0.05 


0.35 




2.0 
4.0 


2.59 


0.03 


0.37 




2.24 


0.02 


0.39 


30 


5.0 
6.0 


2.06 
1.93 


0.01 
0.01 


0.41 
0.42 




7.0 
7.8 


1.84 
1.70 


0.01 
0.01 


0.42 
.0.44 



35 



40 



This example demonstrates that a catalyst system 
excellent rates of hydrolysis. 
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EXAMPLE 2 . 

Reagents set forth below were subjected to the 
standard procedure described above under the indicated 
reaction conditions. The result/ in terms of, identity 
and yield of the desired cellulose ester, and key 
analyses of the product, are also set forth below. 
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Starting Cellulosic 
Weight (g) 

Equivalents of 
TFA/hydroxyl 

Equivalents of 

Mg(C10 4 ) 2 /hy drox y 1 

Acyl Anhydride 
Equivalents/hydroxyl 

Acyl Anhydride 
Equivalents/hydroxyl 

Carboxylic Acid 
Weight (g) 



Hydrolysis Mixture 

Contact Time (min) 

30 Flat Period (min) 

Hydrolysis 
Time (h) 



35 



. Cellulose 
50 

1.0 



0.008 

Acetic Anhydride 
0.03 

Propionic Anhydride 
1.7 

Propionic Acid 
86 

76.5 g water = 
7 



0 

1.0 
1.8 
3.3 
5.3 
6.3 



Pr DS 


Ac DS 


I.V. 


^H NMR) 
3.05 


f l H NMR) 


(Phenol/TCE) 


0.04 


0.54 


2.77 


0.04 


0.34 


2.51 


0.02 


0.34 


2.16 


0.00 


0.36 


1.79 


0.01 


0.38 


1.59 


0.00 


0.39 



40 



WO 91/16356 



PCT/US91/02557 



10 



- 16 - 

This example demonstrates that -a- catalyst system- 
consisting of TFA/Mg(C10 4 ) 2 rapidly promotes the 
esterif ication cf cellulose vith propionic anhydride and 
acetic anhydride to provide a tries ter, provides for 
rapid degradation of the cellulose polymer, and gives 
excellent rates of hydrolysis. 

EXAMPLE 3 

Reagents set forth below were sub ected to the 
standard procedure described above under the indicated 
reaction conditions. The result, in terms of identity 
and yield of the desired cellulose ester, and key 
analyses of the product, are also set forth below. 
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Starting Cellulosic 
Weight (g) 

Equivalents of 
5 TFA/hydroxyl 

Equivalents of 
H 2 S0 4 /hydroxy 1 

10 Acyl Anhydride 

Equivalents/hydroxyl 

Acyl Anhydride 
Equivalents/hydroxyl 

15 

Carboxylic Acid 
Height (g) 

Hydrolysis Mixture 

20 

Contact Time (min) 
Flat Period (min) 
25 Hydrolysis Time (h) 
DS Pr^H NMR) 
DS Ac^H NMR) 

30 

GPC 

(DMF/LiBr, 
Polystyrene 
equivalents) 

35 

IV (Phenol/TCE) 
Solubility Data 

40 
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Cellulose 
50 

1.0 
0.008 

Acetic Anhydride 
0.03 

Propionic Anhydi ide 
1.7 

Propionic Acid 
75 

76.5 g water 
5 . 
30 
4.5 
2.08 
0.02 

M_ « 0.4 X 10*; M„ - 0.7 X 10 5 ; 
M° = 0.4 X 10 5 ; ^/Mn = 1.92 

0.33 

Soluble in organic solvents 
such as n-PrOAc, acetone, 
CHCl-,, THF, alcohol, and DMSO 
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This example demonstrates -that a- catalyst system- r — 

consisting of TPA/H 2 S0 4 can be used to obtain a CAP 
mixed ester with high hydroxy 1 content and iby molecular 
weight. This mixed ester gives high solids to liquid 
ratios in organic solvents such as n- propyl acetate 
(25%). 



10 



15 



20 



25 



EXAMPLE 4 

Reagents set forth below were subjected to the 
standard procedure described above under the indicated 
reaction conditions. The result, in terms of identity 
and yield of the desired cellulose ester, and key 
analyses of the product, are also set forth below. 



30 



35 



Starting Cellulosic 
Weight (g) 

Equivalents of 
TPA/hydroxyl 

Equivalents of 
H 2 S0 4 /hydroxyl 

Acyl Anhydride 
Equivalents/hydroxyl 

Acyl Anhydride 
Equivalents/hydroxyl 

Carboxylic Acid 
Weight (g) 

Hydrolysis Mixture 
Contact Time (min) 
Flat Period (min) 



Cellulose 
50 

1-0 



0.008 

Acetic Anhydride 
0.03 

Butyric Anhydride 

.1.7 

Butyric Acid 
75 

76.5 g water 

15 

30 
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•1 



10 



15 



20 



Hydrolysis 


Bu DS 


Ac DS 


l.V. 


Time (h) 


{^•H NMR) 


f NMR) 


" TPhenol/TCE) 


0 


3.02 


0.07 


0.40 


2.0 


2.74 


.0.06 


0..3J7.. 


4.0 


2.43 


0.04 


0.36 


5.0 


2.36 


0.03 


0 . 37 


6.0 


2.28 


0.03 


0.35 


7.0 


2.12 


0.02 


0.40 


This example 


demonstrates that a 


catalyst system 



consisting ox j.rn/»2^ w 4 e — — «* ^ 

esterif ication of cellulose with butyric anhydride and 
acetic anhydride to provide a triester, provides for 
rapid degradation of the cellulose polymer, and gives 
excellent rates of hydrolysis. 

EXAMPLE 5 . • 

Reagents set forth below were subjected to the 
standard procedure described above under the indicated 
reaction conditions. The result, in terms of identity 
and yield of the desired cellulose ester, and key 
analyses of the product, are also set forth below. 



4 

% 

i 
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10 



15 



20 



25 



30 



35 



Starting Cellulosic 
Weight (g) 

Equivalents of 
TFA/hydroxyl 

Equivalents of 
H 2 S0 4 /hydroxyl 

Acyl Anhydride 
Equivalents/hydroxyl 

Acyl Anhydride 
Equivalents/hydroxyl 

Carboxylic Acid 
Weight (g) 

Hydrolysis Mixture 
Contact Time (min) 
Flat Period (min) 
Hydrolysis Time (h) 
DS Bu^H NMR) 
DS AC( X H NMR) 
GPC 

(DMF/LiBr, 
Polystyrene 
equivalents ) 

IV (Phenol/TCE) 

Solubility Data 



Cellulose 
50 

1.0 



0.008 

Acetic Anhydride 
0.07 

Butyric An) l/dride 
1.7 

Butyric Acid 
75 * 

76.5 g water 

25 

30 

7 

2.18 
0.06 



5. 



40 



m - 0.5 X 10 5 ; My, - 1.0 X 10 ; 
M n = 1.5 X 10 5 ; MJ** ~ 1.45 



0.39 

Soluble in organic solvents 
such as n-PrOAc, acetone, 
CHCI3, THF, alcohol, and DMSO 
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This example demonstrates that a catalyst system 
consisting of TPA/H 2 S0 4 can be used to obtain a CAB 
mixed ester with high hydroxyl content and low molecular 
weight. This mixed ester gives high solids to liquid 
ratios in organic solvents such as n- propyl acetate 
(25%). 



10 



15 



20 



25 



EXAMPLE 6 

Reagents set forth below were sub j ^cted to the 
standard procedure described above undei the indicated 
reaction conditions. The result, in terms of identity 
and yield of the desired cellulose ester, and key 
analyses of the product, are also set forth below. 



Starting Cellulosic 
Weight (g) 

Equivalents of 
TPAA/hydroxyl 

Acyl Anhydride 
Equivalents/hydroxyl 

Acyl Anhydride 
Equivalents/hydroxyl 

Carboxylic Acid 
Weight (g) 



30 Hydrolysis Mixture 

Contact Time (min) 
35 Reaction Temperature 



Cellulose 
50 

1.5 



Acetic Anhydride 
0.15 

Propionic Anhydride 
1.7 

Propionic Acid 
152 

76.5 g water , \ 152 g Propionic 
Acid 

1080 

55°C 
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-S^ ^ ^^f 51 



o 3 - 04 

2.2 2.90 
2.63 



0.09 
0.08 
0.10 



1.37 
1.37 

7.2 

the suliurrc acid was om ^ is . 

10 TFA, »»d the reaction was ^ . „ te , IB a higher 

longer contact time, slower ny . 
19 ._Kh« as illustrated by I."- 

secular weights as le 

„ith reference ^ B*a»pl salfurlc „ ia and 
demonstrates the eriti-l* ^ ^ 

15 ^rr^rdiu - - 

-SSSSi (Comparative) subje cted to the 

^ents set ^ wde r the indicated 

standard r^^^t^. ** *~ * " 

reaction condxtxons. » • e and ke y 

and yield of the desxred ceUul ^ ^ ^ 
analyses of the product, ^ 



20 
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Starting Cellulosic 
Weight (g) 

Equivalents of 
5 TFA/hydroxyl 

Acyl Anhydride 
Equivalents/hydroxyl 

10 Carboxylic Acid 
Weight K g) 

Contact Time (min) 

15 Reaction Temperature 

Product 



20 



25 



30 



35 



40 
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Cellulose 
5 

0.8 



Acetic Anhydride 
2.1 

Acetic Acid 
30 

10320 
55°C 

Cellulose Triacetate 



1.74 



Degree of Substitution 3,02 
(From X H NMR) 

Intrinsic Viscosity 
(Phenol/TCE) 

GPC (DMF/ Polystyrene 
equivalents) 



M„ 



= 25.7 X 10 



7.6 X 10 



5. 



; M^, » 4.4 X 10- 



This example differs from the standard procedure in that 
the sulfuric acid was omitted and the reaction was at 
55°C. 

With reference to Examples 1 and 6, this example 
demonstrates the critical role of sulfuric acid and 
illustrates how the process of this invention differs 
from a process using TFA but devoid of sulfuric acid. 

EXAMPLE 8 (Comparative) 

Reagents set forth below were subjected to the 
standard procedure described above under the indicated 
reaction conditions. The result, in terms of identity 
and yield of the desired cellulose ester, and key 
analyses of the product, are also set forth below. 
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15 



Cellulose 
50 

1.0 



0.008 

Acetic Acid 
1.9 

Propionic Acid 
230 

1510 

No Reaction 



Starting Cellulosic 
Weight (g) 

Equivalents of 
5 TPA/hydroxyl 

Equivalents of H 2 S0 4 / 
hydroxyl 

10 Carboxylic Acid 
Weight (g) 

Carboxylic Acid 
Weight (g) 

Contact Time (min) 
DS (Prom X H NMR) 
20 This example differs from the standard procedure in that 
the appropriate molar amount of carboxylic acid was 
substituted for the acyl anhydrides. 

With reference to Example 1, this example 
demonstrates the critical role of acyl anhydrides and 
25 illustrates an aspect of how this process differs from 
that taught by H.T. Clarke and C.J. Malm (U.S. Patent 

1,880,808 (1932)). • «.w 

The invention has been described xn detail with 
particular reference to preferred embodiments thereof, 
30 but it will be understood that variations and 

modifications can be effected within the spirit and 
scope of the invention. All of the U.S. patents cited 
in the specification are incorporated herein by 
reference in their entirety. 

35 
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Claims 

We Claim: 



5 l. A process for preparing cellulose esters having a 
degree of substitution of 3 and a number average 
molecular weight of less than 1.0 X 10 5 comprising 
contacting the following: 

(a) a cellulose polymer having a degree of 

10 substitution less than that of the product 

cellulose ester and molecular weight greater 
than that of the product cellulose ester, 

(b) trif luoroacetic acid, 

(c) at least one acyl anhydride of the formula: 

- AA> 

wherein each of R and R 1 is, independently, H, 
a straight chain allcyl, a branched chain 
alkyl, aryl, or substituted aryl, and 
20 (d) a mineral acid, 

in the presence of a solubilizing amount of a 
solvent and under conditions such that the desired 
cellulose ester is formed. 

2 The process of Claim 1 wherein component (a) is a 
cellulose polymer having a degree. of substitution 
of 0 to 2.9 and is selected from the group 
consisting of cellulose, a secondary cellulose 
ester, and a mixture thereof. 

3. The process of Claim 1 wherein component (c) is 
selected from the group consisting of acetic 
anhydride, propionic anhydride, isobutyric 
anhydride, butyric anhydride, trimethylacetic 



25 



30 
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anhydride, valeric anhydride, hexanoic anhydride, 
nonanoic anhydride, benzoic anhydride, and a 
mixture thereof . 

4 The process of Claim 1 wherein the amount of 
5 4. The proce equivalents per 

component (b) is 0,25 to i.o q« 
hydroxyl, the amount of component (c) is at 
eUalent per hydroxyl, and the amount of 
component (d) is 0.0001 to 0.01 equivalents per 
10 hydroxyl- 

and a mixture thereof . 

m e process c £ CX.U 1 — «* * ^ " ^ 
for 5 to 30 »i'< ute * - 

„f claia 1 wharein said aolvant i» 
^ THr« t^p =on.i»tin, * a =arbo*yUc 

acid having * mixture 
formamide. dimethylsulf oxide, and a mxxt 

thereof . 

Th e proce.. o« C1.U 1 *" 
acetic acid. 

of Claim 1 wherein R and B 1 are the 
The process ot uxaxm 

same. 

« fiS of Claim 1 including the additional 



15 

6. 

20 7 



8. 



9. 



10. 
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11. The process of Claim 1 wherein component (d) is 

selected from the group consisting of hydrochloric 
acid, Mg(Cl0 4 ) 2 , HC10 4 , and a mixture thereof. 

5 12. The process of Claim 1 wherein the product 
cellulose ester has a M,, of 0.01 X 10 5 to 
1.0 X 10 5 , a My of 0.02 X 10 5 to 2,0 X 10 5 , a M 2 of 
0.04 X 10 5 to 4.0 X 10 5 , and a ratio of l^^n o£ 
1.0 to 2.0. 

10 ' 

13. The process of Claim 1 wherein the product 

cellulose ester has a ^ of 0.2 X 10 5 to 0.6 X 10 , 
a VL. of 0.6 X 10 5 to 1.0 X 10 5 , a M z Of 0.3 X 10 
to 3.0 X 10 5 , and a ratio of of 1.5 to 1.9. 



15 

14 



20 



The process of Claim 1 wherein the product 
cellulose ester is cellulose triacetate, cellulose 
tributyrate, cellulose tripropionate, cellulose 
acetate butyrate, cellulose acetate propionate, and 
said product cellulose ester has an inherent 
viscosity of 0.2 to 0.6 as measured at a 
temperature of 25 -C for a 0.25 gram sample in 100 
ml of a 60/40 by weight solution of 
phenolxtetrachloroethane . 



25 



15. 



A process for preparing a cellulose ester having a 
degree of substitution of less than 3 and a number 
average molecular weight of less than 1.0 X 10 
comprising: 
30 (A) contacting 

(a) a cellulose polymer having a degree of 
substitution of less than 3, 

(b) trifluoroacetic anhydride, 

(c) at least one acyl anhydride of the 
35 formula: 
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(B) 
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wherein each of R and R is, . 
independently, H, a straight chain alkyl, 
a branched alkyl, aryl. or substituted 

aryl, and 
(d) a mineral acid, 

in the prince of a eolublliring .mount of a 
solvent and condition, such that a 

cellulose ester is formed having . deer., of 
substitution of 3 ens . molecular weight l..s 
then that of th. csllulos. polymsr of 

step <») (a) .a" 0 . m , hv 

contacting the cellulose ester formed by 

=t .„ (A) wlt h a sufficient amount of a 

fefct ve necrolysis solvent under conditions 

" form the desired cellulose ester which has 

s decree of substitution higher than the 

original cellulose polynar of step <*>(»>• 

f 

The process of Claim 15 wherein; for step (A) , 
* is a cellulose polymer having a 
component (a) is a cexx r g selccte d 

degree cf substitution > of M*£ — 
from the group consisting of celiuxo ^ 
cellulose ester, and a mixture thereof. 

x> Mia<n is wherein for step (A), 
T he proc.se o f Claim 1^ ^ ^ ^ 

component (c) is seieB« 
anhydride, and a mixture thereof. 
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18 . The process of Claim 15 wherein for step (A) , the 
amount of component (b) is 0.25 to 1.0 equivalents 
per hydroxy 1, the amount of component (c) is at 
least 1 equivalent per hydroxy 1, and the amount of 

5 component (d) is 0.0001 to 0.01 equivalents per 

hydroxy 1. 

19 . The process of Claim 15 wherein for step (A) , 
component (c) is selected from the group consisting 

10 of acetic anhydride, propionic nhydride, butyric 

anhydride, and a mixture thereof. 

20. The process of Claim 15 wherein step (A) is carried 
out at 20°C to 150°C for 5 to 30 minutes.. 

15 

21. The process of Claim 15 wherein said reactive 
hydrolysis solvent is selected from the group 
consisting of an n-alkanol having 1 to 4 carbon 
atoms, water, a branched chain alkanol haying 3 to 
4 carbon atoms, an aryl alkanol having 7 to 12 
carbon atoms, and a mixture thereof. 



20 



22. The process of Claim 15 wherein said reactive 
hydrolysis solvent is selected from the group 

25 consisting of methanol, ethanol, n-propanol, 

n-butanol, isopropyl alcohol, benzyl alcohol, and 
water. 

23. The process of Claim 15 wherein said reactive 
30 hydrolysis solvent is selected from the group 

consisting of methanol, water, and a mixture 
thereof. 



35 



24. The process of Claim 15 wherein the amount of ., 
reactive hydrolysis solvent is from 1 volume % to 
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that amount which results in the desired product 
precipitating from solution. 

25. The process of Claim 15 wherein the amount of 
reactive hydrolysis solvent is from 5 to 15 
volume %. 



26. 



The process of Claim 15 wherein- step (B) is carried 
put at a temperature from 20-C to 150-C for 0.5 to 
10 24 hours. 



27. 



15 

26. 



20 

29. 

25 3°- 
31. 

30 



The process of claim » «>>.r.in th. cellulose ..«r 
tori* by step (5) ha. e decree of substitution of 
from 0.5 to 2.85. 

The process of cleim 15 wosrein ths solvent for 
step M is selected fro* th. group consist^, of . 
carboxylic ecid having 1 to 20 carbon atom., 
^thylformamide, di.ethyl.ulf.xid.. end . mixture 

thereof. 

The process of Claim 15 the solvent for 

st.p (A) is acetic odd. 

The process of Claim 15 wherein R and R l are th. 
sane • 

Th. proc... of Cleim 15 including the 
Itep of isolating after reaction, th. desired 
P roL t by the addition of a precipitating amount 
of a nonsolvent, distill.tion. or spray drying. 
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32. The process of Claim 15 wherein the mineral acid 
for step (A) is selected from the group consisting 
of hydrochloric acid, Mg(Clb 4 ) 2 , HC10 4 , and a 
mixture thereof. 

5 

33. The process of Claim 15 wherein the cellulose ester 
produced by step (A) has a IL of 0.01 X 10 5 to 

1.0 X 10 5 , a of 0.02 X 10* to 2.0 X 10 5 , a M z of 
0.04 X 10 5 to 4.0 X 10 5 , and a ratio of Ky^n ot 
10 1.0 to 2.0. i 

34. The process of Claim 15 wherein the cellulose ester 
produced by step (A) has a 1^ of 0.2 X 10 5 to 

0.6 X 10 5 . a _M W of 0.6 X 10 s to 2.0 X 10 5 , a M z of 
15 o.3 X 10 5 to 3.0 X 10 5 , and a ratio of of 1.5 

to 1.9. 

35. The process of Claim 15 wherein the final product 
cellulose ester is cellulose acetate, cellulose 

20 butyrate, cellulose propionate, cellulose acetate 

butyrate, cellulose acetate propionate, and said 
product cellulose ester has an inherent viscosity 
of 0.2 to 0.6 as measured at a temperature of 25«c 
for a 0.25 gram sample in 100 ml of a 60/40 by 

25 weight solution of phehol/tetrachioroethane. 

36. The process of Claim 15 wherein the total reaction 
period is 0.5 to 25 hours. , 
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